IR sensors are remarkably important for various civilian and military applications, including IR imaging, medical diagnosis, night vision, and surveillance. The performance of conventional IR sensors is limited by the sensing materials. High-quality IR detectors require cryogenic cooling to reduce the influence of both the background and different types of radiation. Unlike other existing sensing materials, carbon nanotubes (CNTs) exhibit low noise levels 1 and can be used as nanosensing materials for IR detection where cryogenic cooling is not required.
IR-sensor performance can be improved by integrating a carbonnanotube structure with a photonic crystal.
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CNTs have recently been used to make IR sensors because of their unique opto-electric properties. We have developed CNTbased IR sensors that can operate at room temperature with low dark current and a low-noise equivalent-temperature difference (14.5mK). 2 However, the fill factor of our CNT-based IR sensor is still limited by the small sensing area and low incoming electric field. We found that their photocurrent can be increased significantly by locally boosting the electric field at the CNTmetal interface. 3 Therefore, to increase device performance, we introduced a photonic-crystal (PC) quantum-resonant cavity.
We designed and fabricated IR sensors consisting of a pair of metal electrodes connected by a single CNT. The devices were fabricated using a number of nanomanufacturing processes, including dielectrophoretic manipulation 4 and atomic-forcemicroscopy nanoassembly. 5 When IR photons irradiate the CNT-metal contact, electrons and holes are excited in the CNT, which results in photocurrent generation. To enhance the electron-phonon coupling efficiency, we aligned the PC cavity with the top of the CNT-metal contact, because the photocurrent is dominated by photon-generated carriers at this interface. The current increases because of the expanding electric field in the sensing region.
PCs are artificial structures consisting of different dielectric materials that are arranged in periodic order in 2D or 3D to affect photon propagation. By careful design, the incident IR light is confined in the cavity and enhances the electric field locally at the sensor. We designed a 2D PC with periodic holes in a parylene thin film to induce a photonic bandgap and formed a resonant cavity by removing holes from the PC array (see Figure 1) .
We calculated the band structure of the 2D PC without any defect and found that a frequency bandgap was formed: see Figure 2 (a). Next, we designed the PC cavity by removing a point defect. The resulting cavity exhibits a localized resonance mode. The point defect may be considered a disturbance of the discrete translational symmetry of the PC, so a quantumresonant mode for incident light is formed at the defect position. Figure 2(b) shows the electric-field profile for a 9 9
Continued on next page
Figure 3. Atomic-force-microscopy images of the fabricated PC (on top of the CNT-based IR detector).

Figure 4. Comparison of temporal photocurrent response of a CNTbased IR sensor with and without addition of a PC.
lattice geometry. The field is confined to the cavity and is enhanced locally.
We fabricated a device based on this PC cavity (see Figure 3 ) using parylene as photonic crystal. The PC's point defect was fabricated on one of the CNT-metal contacts. We measured and compared the photocurrent responses of the sensor with and without the PC resonant cavity (see Figure 4) . Our preliminary results show that the photocurrent is enhanced by adding the PC structure.
In summary, we designed and fabricated CNT-based IR detectors using nanomanufacturing processes. We also integrated these devices with a PC, which can concentrate the incominglight intensity in a cavity, so that the electric field at the CNT-metal contact is enhanced. Our theoretical analysis and experiments demonstrate that the photocurrent response can be increased by adding a PC. Our future plans involve design optimization of PC structures to improve the field enhancement at various wavelengths, aimed at PC application to spectral IR detection and solar-energy harvesting. 
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